The safety of water is usually determined by comparing its quality to recommended standards. The objective of this work was to determine whether the water supplied on Njala Campus is safe for drinking. The quality parameters investigated include coliform bacteria, turbidity, conductivity, total dissolved solids and nitrates. Samples were stored in a cooler with ice and transported to the laboratory within 30 minutes of collection. A checklist of questions to know the perception of residents was administered. According to the physical and biological results, the water is not safe for consumption. The turbidity and microbial counts were too high in most samples both in the wet and dry seasons. Additionally, over 80% of the respondents did not trust the water supply system. Most of them treat the supplied water by either boiling or disinfection before use. Most respondents complained of water-borne diseases but were not clear whether it is related to the water supplied. The chemical parameters, however, were acceptable: nitrate levels were low. In conclusion, the water is not safe for consumption as far as the physical and biological parameters are concerned. The campus water supply system needs improvement in terms of conveying raw and finished water, filter optimization, and satisfying the chlorine demand.
Introduction
The safety of water is determined through comprehensive risk assessment and risk management approaches that include the setting up of regulatory standards.
Different countries and agencies have developed chemical, biological and physi-cal standards to meet before water is considered to be safe for human use.
According to the Washington State Department of health (2011), fecal coliform bacteria are a subgroup of total coliform bacteria. They exist in the intestines and feces of people and animals. Their presence in a drinking water sample often indicates recent fecal contamination. That means there is a greater risk that pathogens are present. High non-fecal coliform count is indicative of either inhibiting fecal coliform growth or poor filtration of samples [1] . The Nigerian Standard for Drinking Water Quality covers all drinking water except mineral water and packaged water. The maximum allowable limit for turbidity is 5 NTU, nitrates, 50 mg/L; total dissolved solids (TDS), 500 mg/L; and thermo tolerant coliform or E. coli, zero [2] . The Ghana standards for drinking water [3] indicate the required physical, chemical, and microbial properties for drinking water.
The standards are adapted from the WHO Guidelines for Drinking Water Quality [4] , but also incorporate national standards that are specific to the country's environment. The Ghana standards set the maximum turbidity of drinking water at 5 NTU. The Standards specify that E. coli or thermo-tolerant coliform bacteria and total coliform bacteria should not be detected in a 100 mL sample of drinking water (0 CFU/100mL).
Unlike these countries, Sierra Leone is yet to develop national water quality standards. Until this happens, the current water treatment system at Njala campus is subjected to no known national regulation that can ensure production and distribution of safe drinking water to residents. Nonetheless, the university authorities have taken some measures to treat the water before supplied to residents. Water is pumped from source at the Taia River. The raw water pump is immersed in the river at the intake point, which lifts water over a distance of about 400 meters to the treatment center, the Water Works. At the Water Works, the water passes through Slow Sand Filters. The filters are constructed using graded layers of sand, with the coarsest along with some gravel at the bottom, and the finest at the top. There is no backwash mechanism in place; the filters are maintained by physical removal of the top layer of sand when flow is constrained by biological growth or there is increased turbidity. The filtered water passes through pipes to a disinfection tank where it is being chlorinated manually by the staff. The treated water is stored in a finish water tank to await distribution by gravity flow to staff quarters, administrative buildings and student hostels.
The only quality parameter tested for at the Njala Campus Water Works is turbidity. The staff use a transparent glass cylinder with a mark at the base for tracing water clarity. The point at which the mark disappears reads the turbidity value. This instrument is based on estimates and it is difficult to tell whether turbidity exceeds the WHO standard of 5 NTU. This absence of quality control test at the Water Works made the need for quality profiling of water supplied to campus important. To show whether water is safe for drinking, it should be tested for the physical, chemical and biological contaminants [4] .
Additionally, there is no monitoring of the raw water source to determine the chlorine demand, filter optimization needs, and chemical treatment needs. The lack of backwash makes it difficult for an efficient and sustainable filtration process; yet most microorganisms hide inside suspended particles and are inaccessible to the chlorine added [4] . Another water quality concern is that the pipes may introduce harmful chemicals or easily break and cause reintroduction of harmful microorganisms in the supply chain [5] . The objective, therefore, is to determine through laboratory tests and perception survey whether the water supplied on Njala Campus is safe for drinking. Quality parameters for analysis include the following: Bacteriological: Fecal and non-fecal coliform bacteria in water samples; Physical: Turbidity in water samples; Physico-chemical: Conductivity and Total Dissolved Solids (TDS) in water samples; Chemical: Chemical Oxygen Demand and Nitrate in water samples.
Materials and Methods
The research was done at Njala Campus found in the Kori Chiefdom of Moyamba District in southern Sierra Leone (Figure 1 ). The case study for the research starts from the Taia River, the water works, staff quarters, student dor- 
Sampling
The research targets the entire water supply network within Njala campus. Water samples were collected and analyzed for both the rainy and dry seasons. This was done in order to understand the influence of surface runoff on the quality of water supplied. Plastic bottles were sterilized by boiling and used to collect samples from each point. The sampling points and their GPS coordinates are shown in Table 1 .
Water Sampling
Plastic bottles were washed clean, boiled and labeled accordingly. Each sample bottle was rinsed thrice with the sample to be collected before the actual sample was collected and closed tightly with the cover. All samples were transported to the laboratory within 30 minutes of collection. Samples were stored in a cooler with ice in order to approximate the prevailing conditions under which they were collected.
1) Procedures for Sample Analysis
In the determination of conductivity in microsiemens per centimeter (µs/cm) and total dissolved solids (TDS) in milligram per liter (mg/L), the probe was placed into the water sample and allowed to read, a pause of reading indicated the end of readings and values were noted. The HACH turbidity meter was used in determining the turbidity of the sample. The samples were put into the test tube and then inserted into the turbidity meter which read in Nephelometric Turbidity Units. The Oxfam Delagua Water Testing Kit was used for bacteriological examination. The kit has a petridish, absorbent pads, membrane filters, vacuum pump and grease. In order to prevent any form of contamination, the equipment and all other accessories were sterilized. Each sample was gently shaken for a minute to make sure there was an even distribution of micro-organisms present. 50 mL of the water sample was measured using a standard sterilized measuring cylinder and gently poured into the filtration assembly. With the application of the vacuum pump, the water sample was allowed to flow through the membrane filter of pore size 0.45 microns. The membrane filter was incubated for 18 -22 hours at 44˚C in order to form suitable colonies of characteristic shape and color. Yellow Colonies were formed for the fecal coliform and other colors for the non-fecal coliform bacteria. The coliform bacteria were computed as counts per 100 ml of water sample as follows: [Number of colony forming unit/Volume of water sample filtered (50 mL)] × 100.
The reagent for nitrate was already prepared in the sample vial. A 1.0 mL volume of the sample was placed into the reagent and the solution inverted two to three times. The solution was allowed to stand for 10 minutes and then placed into the sample compartment, energized and readings taken.
Perception Survey
A list of questions was administered to residents as well as workers on Njala
Campus. The questionnaires were distributed through lecturers and department heads. 10% of the respondents were further engaged in a focus group discussion (FGD) after their individual responses. The FGD participants were selected based on departmental representation. A total of 136 respondents were interviewed; Njala campus has a working population of about 1200 people, most of whom are resident on campus.
Results and Discussions

Water Quality Profiling of the Study Area
Conductivity
The WHO recommended guidelines for conductivity is 100 µs/cm. All the samples collected in both seasons satisfied this recommended value ( Figure 2 ). Based on the WHO (2011) report, no direct health effect has been associated with electrical conductivity, albeit the assertion by Nyallay (2011) that toxic chemical substances which find their way into water bodies can cause water borne diseases [6] . Additionally, the fluctuation in conductivity at different locations is a cause for concern, giving that the water came from the same source. There may be corrosion in the pipes or redox conditions changing along the supply chain.
Conductivity values were higher in the rainy season than in the dry season.
Apparently, surface runoff is introducing more ions into the water at this time of the year. Alternatively, or additionally, incoming groundwater is probably bringing in dissolved solids.
Turbidity
Three replicate samples were collected from each sample location and the mean value recorded; the results are shown in heavier rain events and subsequent erosion of materials [7] . With the exception of Y4 Quarters, all the water samples met the WHO recommended guideline of less than 5 NTU in the dry season. This is expected as surface runoff gets to zero during this time of the year [7] . The river shrinks in size and its turbulence decreases greatly. The river is very calm along its banks and hence bank erosion is minimal.
During the rains, the mean values for all the samples did not satisfy the WHO recommended standard of ≤5 NTU. The rise and fall in values is also a cause for concern. It is not clear whether the same water supplied from Water Works is the one having fluctuating values. Nevertheless the above standard turbidity values indicate the treated water is unsafe for consumption. Suspended particles might not contain harmful chemicals but may harbor harmful microorganisms that become inaccessible for disinfection by the added chlorine [8] . Aesthetically, the muddy water renders the water unsuitable for drinking or any other domes- tic use. High turbidity at locations further from the treatment site may be due to the presence of suspended solids and other colloid particles which may have been collected along the pipeline. Clarification of this turbidity increase along the supply chain was, however, beyond the scope of this study. Nonetheless, change in turbidity was measured in the raw and finished water tanks, respectively. These measurements revealed that treatment efficiency of the filter media was 39% in the dry season and 42% in the rainy season.
Total Dissolve Solid
The recommendation for a good drinking water gives TDS values ranging between 300 and 600 mg/L in drinking water [9] . The low values recorded ( Figure   4 ) are consistent with the prevailing conditions in the river. Total Dissolved Solids in natural waters may change resulting from industrial discharge or saline water intrusion [10] .
All the samples collected in both seasons met the WHO standard of 300 -600 mg/l which indicate that the water does not contain much dissolved solids.
Again, fluctuations in values are a cause for concern and may be caused by leaks in the pipes. Table 2 shows fecal and no-fecal coliform counts in samples from both raw water (Taia River) and treated water at the taps. All the samples collected during the wet season did not meet the WHO recommended standard of zero counts/ 100mL of sample. The samples were highly contaminated with harmful microorganisms, most of them too numerous to count, even after treatment of the water. The high microbial count in the raw water sample could be related to open defecation and such human waste ending into the river through surface runoff; other sources include direct defecation into the river, as well as other domestic sources of biota [11] . The presence of microorganisms in the treated water is reflective of poor treatment and poor infrastructure. Clearly, residual disinfection is not reflective of the chlorine demand in the water. The manual addition of chlorine does not take into account when is disinfection too much or too little. Similarly, all the samples collected during the dry season did not meet the WHO standards except Florence Carew which had a count of zero counts/ 100mL of sample. The count in the raw sample was very high and it could be related to human activities along the river: defecation, bathing, dumping of sewage into the river. The lower count of fecal coliform in the dry season, compared to the rainy season, is expected because there is low surface runoff and less intake of organic carbon into the water [11] .
Microbial Parameters for Wet and Dry Seasons 1) Fecal Coliform Bacteria
Even though disinfection efficiency seemed to be high (76% in the dry season and 89% in the wet season) the finish water still needed further disinfection as there was fecal coliform counts still greater than the WHO recommended limits. The 89% efficiency in the wet season might have been due to too numerous of bacteria in the water; since they are plenty, contact with chlorine is fast. For computation purpose this research approximates TNTC to a minimum of 200 fecal coliform counts/100mL of sample.
It could be inferred from these results that residual disinfection during both sampling periods was not effective; the chlorine demand was too high and so all the added chlorine was consumed. This assumption is more obvious giving the increase in microbial counts along the supply chain. Worthy of note however, is the uncertainty as to whether the same water sampled at the finished tank was the one supplied from which samples were collected at the taps.
During this study, it was observed that the staff did not set contact time at the finish water tank. The contact time allows for complete dispersal of chlorine which would enhance contact with and subsequent destruction of microorgan-isms [12] . The possible existence of dead zones in the finish water tank might also play a role in the lack of complete disinfection in the finished water tank.
The lack of baffle systems in the finish water tank or the complete absence of contact tank makes this assumption more obvious [13] . Consequently, the current treatment system is incapable of bringing the campus water to safety standards based on fecal contamination. Further optimization of the system is required to enhance international best practice for drinking water treatment works.
2) Non-Fecal Coliform Bacteria
The WHO recommended standard for non-fecal coli form is <10 CFU (Colony Forming Units) [4] . All the samples collected for the wet season did not meet the WHO recommended standard except Florence Carew which have a count of zero counts/100mL of sample. The high microbial count of the intake point may be as a result of agricultural activities, poultry and other domestic activities of the people living along the river [11] . The high microbial count of other samples may be a cause of leaks in the pipes, or a higher chlorine demand which was not met in the treatment process [12] . The non-fecal coli form counts in the dry season is recorded lower than the counts in the wet season. The rains erode materials and particles from anthropogenic and natural activities into the river, leading to high counts at the source and high counts at locations away from the treatment system.
Nitrate in Water Samples
All the samples met the WHO recommended standard of <10 mg/L; the highest was 0.3 mg/L. This indicates that there is no susceptibility to toxicity from nitrates present in the water supplied to Njala campus. The nitrate results confirm the less concern for chemical pollution. Apparently the raw water is not chemically polluted. As a rural area with no major industrial activity, this is expected to be the case. 
Perception of Safety of Water
Further Treatment
More than half of the respondents (55.8%) who use the water boil it, the others (44.1%) are either confident of the water's safety or add disinfectants to the water before use. Boiling as the predominant treatment option is reflective of the cost savings from this method compared to relatively costly disinfectants such as chlorine tablets.
Health Related Problems
Typhoid fever affects most of the respondents (80.1%) likewise diarrhea (92.6%) but, it is not clear whether these are as a result of the water; majority has alternative means of drinking water. Body itching and skin rash are reported by 49.2% and 50.7% respectively but are not sure if those health problems result from the water use because most of them either boil or disinfect the water before use. Most of the respondents (60.2%) agree that their health problems are not related to the water supplied on campus.
General Perception of Safety
A large number of the respondents (85.2%) do not rely on the water supplied on campus for drinking; they have alternative sources of drinking water. Also 86.7% believe the water supplied on campus is not safe, which is the same percentage as the people who use the water regularly on campus. This implies that most users do not have alternative access to water. Reliability in the treatment system could therefore be a development objective as far as water supply on campus is concerned.
Another source of water to be supplied on campus is requested by 95.5% because they are not sure of the safety of the Taia River and the treatment system. Alternatively, these respondents believe water from the river could be safe for consumption if proper treatment is in place. For now, they prefer groundwater 
Conclusions
The objective of the work was to determine through laboratory tests and perception survey whether the water supplied to Njala University, Njala Campus is safe for drinking. Chemical, biological and physical tests were conducted on the samples collected from both the raw water and the treated water. Respondents were also interviewed to give their perception about the safety of water supplied on campus.
Chlorine demand of the water samples was found to be high. The bacteriological analyses showed that all the samples are highly contaminated with coliform bacteria; all the bacterial counts recorded did not meet the WHO recommended standards. The ineffectiveness of the existing campus water treatment system further clarifies this problem. The efficiency of the filtration system is not enough to reduce turbidity to acceptable levels; the disinfection system is also inadequate and there is no clue to ascertain whether the added chlorine is plenty enough to give residual disinfection. Consequently, unacceptable microbial counts were found in all stages of the supply chain. It is not clear whether additional microorganisms were introduced at leaks and broken points or microbial activity is increasing with distance.
The chemical status showed no potential threat to consumers. Nitrate levels in all the samples were below the maximum contaminant limit recommended by standards organizations and agencies.
Majority of the respondents did not trust the safety of water supplied on campus. Most of them treat the water by either boiling of adding disinfectants before use. Very few of them drink the water, after boiling. Some respondents reported health problems related to water quality but were not sure if such problems are sourced from water supply on campus.
Conclusively, the water supplied to the residents of Njala University Njala campus is not safe for drinking. It would be only safe for domestic purposes if further treatment (filtration and/or boiling) is ensured. The lack of safety is not as a result of the source; the Taia River has been proven to be a good source for drinking water (low TDS). The problem lies with the treatment center. The current treatment scheme is inadequate in bringing the water to acceptable standards for drinking. The following recommendations are put forward in helping to improve the treatment system.
Monitoring
Routine monitoring of the source would inform filtration and disinfection needs. These are the two most important requirements for the Njala Campus potable water supply system. Clarifying these two treatment needs will inform customization of the treatment system and hence enhance supply of potable water to campus and neighboring communities. The Njala Campus Water Works team needs both human and institutional capacity building in monitoring the quality of raw and treated water. As at now there are no Quality Control (QC) tests of batches of water sent to campus. This does not enhance quality assurance, hence, the lack of trust in consumers. The team needs a QC laboratory equipped with the right instruments and reagents with assurance of recurrent costs. Thankfully the residents are willing to pay for additional charges. Alternatively, the Chemistry Department and the Institute of Environmental Management and Quality Control could take the lead in the monitoring network and provide technical advice in improving the water supply system on Campus.
Improvement in Treatment and Supply
It is recommended that the campus supply system be optimized to a solar pumping system and an automatic control panel to shut down and alarm when the chlorine demand is too high or too low, and to initiate backwash when the filter media accumulate too much dirt. Solar panels will be deployed to run solar pumps on a 24-hour basis. The solar system will have an electrode attached to carry out electrolysis of sodium chloride in water, to prepare the disinfectant solution. The whole system will be customized to dose the right chlorine solutions based on the chlorine demand established by the control panel.
Improvement in pipes and leaks is also recommended. The residents are willing to pay for an improved service. Currently they spend money on the purchase of drinking water from alternative sources, in addition to contribution to plastic waste accumulation on campus.
